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Abstract 
The paper is based on a case study in Switzerland, where the Cantonal Director Plan, expected for the next years, will change the 
urban density. The plan allows raising from three and four floors the height of the existing buildings now separated by streets that 
are quite narrow, to get over up to eight floors, without modifying the width of street. A case study located in Paradiso 
municipality, part of Lugano's city (CH) is used to understand and quantify the impact of the future buildings on the energy 
performance of historical heritage buildings. The building adopted as case study is protected as cultural monument by the new 
Master Plan and listed in the sectorial regulations for the landscape. However, this building as others in the area is strongly 
influenced by the new changes in act, due to the New Master Plan, in term of solar availability and thus energy demand. The 
actual urban density scenario is compared to the future one to evaluate through dynamic energy simulation the change affecting 
the building considering the energy and economic aspects. 
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1. Introduction 
In Switzerland, as in other EU states, the challenge of energy saving is being supported and emphasized through 
strategies and regulations at national and federal level [1]. The nZEB [2] design is based on specified energy 
behavior of the building considering the input data as stated and unchangeable during the life time of the building. 
The balance between energy consumption and production can be defined based on a static condition although a 
constant urban context and building conditions is a simplified scenario suitable for a limited life span. The occurring 
change of building performance during the time and the variation of the urban context surrounding a case study 
building can show directly how a static value certifying an energy label for the building has a close expiration date. 
Urban densification is a growing phenomenon that is strongly affecting the existing buildings energy behavior 
[3]. The paper focuses on a case study in Switzerland, where Cantonal Director Plan, expected for the next years, 
will change the urban density and morphology of the city [4]. The plan allows raising from three to four floors the 
height of the existing buildings now separated by narrow streets, to get over up to eight floors, without modifying 
the width of the streets [5]. Dense and compact urban settlements provide a complex environment, where solar 
access and daylight availability can turn in a reduced commodity with additional implications in the urban 
microclimate. The accurate quantification of these effects is a key factor for predicting decreases in solar availability 
or daylighting. 
In the urban development process, cultural protected monuments need mainly attention since they are unchanged 
and immutable through time, protected by the regulatory plans and defined by preservation tasks and aesthetic 
constraints that cannot benefit from a rapid urban development [6]. In this unstable scenario, it is crucial to wonder 
for the impact of the urban transformation and about the actual influence on building energy aspects (especially for 
historical heritage that will not can enhance dramatically their energy performance) and the surrounding 
microclimate. Moreover, the impact on solar energy availability on existing buildings during urban renovation needs 
still a structured methodology that is a matter of research. 
The case study presented is located in Paradiso municipality, part of Lugano's city (CH). It has been used to 
understand and quantify the energy impact of the future built environment on the existing protected building in the 
area, and the paper is a part of a wider study analyzing more buildings and key factors (such as reduction of soil, sky 
factor, daylight factor and possible integration of renewable energy sources [7]. 
2. Objectives and method 
The study refers to the analysis of a case study building, named Palace G. Guisan Street (A4907) (Figure 1), 
chosen between different building analyzed because it will be the most influenced by the changing in surrounding 
buildings allowed by the new Cantonal Director Plan. The construction of the case study building dates between the 
end of nineteenth and early twentieth centuries. The primarily use is residential and the total gross floor area (GFA) 
amounts at 1515,55 m². It develops symmetrically around an unheated stairwell; the ground floor accommodates a 
pharmacy and the upper floors host apartments. 
The building is oriented almost exactly north-south slightly tilted to the west (less than 10°). Nowadays narrow 
streets and buildings to the south and east sides close the building while the north and west orientations face the 
public urban space. The palace has three floors plus a simple unheated pitched roof with four slopes. The basement 
is unheated and it is accessible by the central unheated stairwell. Several openings on the four facades more than the 
main entrances are located across the main street (east), namely Guisan Street. The windows are quite small 
occupying only a portion equal to the 30% of the gross façade area. The back facade of the building overlooks a 
public square in the western side that is now under construction following the directives of the new Cantonal 
Director Plan. 
An energy simulation plug-in named BESTenergy developed by Politecnico di Milano has been used to perform 
dynamic simulation on hourly basis. The plug-in works with SketchUp to model the geometry while allows 
performing detailed and dynamic simulations with EnergyPlus software to extract the energy demand of the 
buildings [8].  
The configuration of the building has been defined through to a three-dimensional geometric modeler, allowing 
through the plug-in the setting of the thermo-physical properties of the building envelope. The software enables a 
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detailed verification of the real behavior of the building in terms of energy flows, demand, consumption and comfort 
conditions. The energy analysis has been conducted per floors to highlight the effect of the urban densification 
process at the different building levels. 
a.                                                                b. 
Fig. 1. Palace G. Guisan Street (A4907):. East (a) and West (b) facades. 
As first step was created a 3D model of the building based on constructive details provided for the envelope. The 
detailed building has been surrounded by the urban context in the actual scenario and by the future urban 
configuration based on the Cantonal Director Plan [9] (Figure 2). Two different simulations have been carried out: 
the first with the building in the current context and the second with the building in the hypothetical future context. 
The goal was to quantify the influence in term of energy demand defined by the new urban configuration on the case 
study building that is a historical construction passively suffering the rising urban surrounding [10].  
 
a.                                                                                       b. 
Fig. 2. Comparison between the models describing the existing situation (a) and new urban configuration (b). 
3. Dynamic urban simulation 
The assumptions on the envelope thermal performance have been based on a visual survey on site and 
considering the layers compatible with the age of the building [12] and the mainly probable constructive technology 
adopted. The building envelope has been assumed as shown in figure 3 composed by 40 cm of mixed rock without 
insulation covered outside and inside by two layers of 1,5 cm of plaster (thermal transmittance approximately 
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between 2.3-3 W/m2K) (Figure 3). The windows are considered original and equipped with a single glazed with a 
poor thermal insulation power (thermal transmittance Uw=5 W/m2K). Both simulation, for the actual scenario and 
the future scenario, have been run with the original 50s construction envelope details, no changes in the envelope 
have been considered due to the historical character of the building.  
 
  
 
 
 
 
 
 
 
 
 
Fig. 3. Construction detail of the stratigraphy of the building package of the facade. 
The wood roof thickness ranges from 20 to 30 centimeters and the slabs of each floor are made with wood beams 
and sheets. An overall buildings performance for heating demand, corresponding the same year of construction (50s) 
and considering the typological characteristics of this period, is about 166 kWh/m²yr [13]. The simulations verified 
this value has assumed for the actual situation. The results of heating and cooling demand for each floor level are 
reported in Figure 4.  
Fig. 4. Heating Energy demand: (a) and Cooling Energy demand for (b) for floors and in the actual (Old) and future (New) urban configuration. 
In Figure 4 the results of the simulations are shown. During the winter, the energy need for heating grows in the 
future scenario due to the reduction of solar radiation due to the effect of the mutual shading of surrounding 
buildings that prevent solar gains to the case study building (changes in the internal loads due to artificial lighting 
increased by the loss of daylighting are neglected). During the summer period, the shadows casted by the new 
buildings expected by the new master plan allowed by the Cantonal Director Plan yet under construction, result in 
the decrease of the cooling demand.  
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4. Results 
The results in table 1 show how the situation changes during the year. In winter, the energy demand is growing 
from the actual to the future situation, in particular for the higher floors (second and third floors) and generally of 
about 8.5%. Conversely, during the summer, the cooling energy necessary for the building decreases: this is a 
consequence of the decrement of direct solar irradiance of about 66%. However, this strong reduction affects a low 
energy demand for cooling representing in the actual situation the 14% of the whole energy demand and in the 
future scenario the 5%. The data reported in the following tables refers to a total conditioned floor space considered 
equal to 1.096 m2. 
     Table 1. Total thermal energy demand during winter and summer in kWh/m² yr. Total. 
kWh/m² yr Actual scenario Future scenario 
Heating 112,15 122,52 
Cooling 17,72 6,04 
 
Translating the energy demand to energy consumption and considering the thermal plants coefficients of 
performance, the thermal and electrical energy used for the building have been calculated [14]; for the heating the 
coefficient of performance assumed is 0,8; for the cooling the COP used is 3 (Table 2) [15]. 
          Table 2. Total amount of primary energy consumption during winter and summer in kWh/m² yr. 
kWh/m² yr Actual scenario Future scenario Difference  % 
Heating 140,18 153,15 12,97 8,47% 
Cooling 5,87 2,01 -3,89 -65,93% 
 
The energy aspect previously analyzed is correlated to an economic evaluation in order to estimate the impact in 
term of management cost due to the new density of the urban context affecting the case study building. Changes in 
energy behavior of the building have been calculated as a variation of the running cost of the case study building as 
consequences of a new urban configuration. The final step is thus to economic quantification of the increased energy 
demand for heating, considering also the reduction for cooling obtained in the yearly total energy consumption. In 
this way it has been possible to calculate the effective economic impact brought by the new buildings in the future 
scenario when the new Cantonal Director Plan in the urban area of Paradiso municipality will be completed [16]. 
The costs assumed for the economic evaluation are: 1,20 €/ m³ of methane for the heating boiler, which produces 
9,593 kWh/m3, and 0,06 €/kWh of electricity used for cooling purposes (Table 3) [17].  
     Table 3. Economic damage estimation (*prices references November 2015). 
€/yr Actual scenario Future scenario Difference  % 
Heating 19.218,67 20.996,86 1.778,19 8,47% 
Cooling 386,01 132,18 -253,83 -65,76% 
Total 19.604,68 21.129,04 1.524,35 7.21% 
 
This building has been renovated in 2007 changing its thermal heating system to a natural gas boiler, but it is 
normal that historical building that are not refurbished and not energetically upgraded would have an oil boiler as a 
heating system while the cooling system does not exist. However, today the price of the gas natural and the price per 
liter of fuel oil due to contingencies of the economic market remains aligned. 
5. Conclusion 
In conclusion, we can affirm that the total operational cost of the energy systems of the building increase by 
7,21%, that implies an extra cost of about 1.524,35 €/year. The influence of new constructions around the building 
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considered in the analysis increases the energy consumption, in a different geographical location (with more severe 
climatic conditions, for example), with different building orientation layouts, or with higher ratio between opaque 
surfaces and transparent surfaces (e.g. medium ratio or larger), the impact could be higher.  
There are also some special conditions affecting this specific case study that we want to underline: 
x the building is not well-oriented; there is not an optimal facade exposition capable to maximize the solar gains; 
x the building is located in a climate characterized by mild summers; it means a greater need for adequate shading 
to avoid undesirable overheating and a major need for ventilation and cooling in summer. The existing along with 
the shading provided by the new buildings in the future scenario contribute in this case in a positive way. 
Moreover, it is normal in historical buildings that are not been refurbished and energetically upgraded, that the 
cooling system does not exist. 
x the transparent/opaque surface ratio of the building is about 30% of the total area of the building envelope; this 
ratio is very low value, compared to the average and current building, ensuring a low demand for air conditioning 
in summer. Moreover, the high thermal inertia of the building envelope contributes in a positive way stabilizing 
indoor temperatures in summer. The absence of insulation by contrast rather enhances the negative effect in 
winter. 
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